ABSTRACT
Introduction
White-spot lesions are the well-known side effect of fixed orthodontic treatment. During orthodontic treatment, increased proliferation of the facultative bacterial population, including S.mutans, leads to a decrease in pH which in turn can lead to development of white-spot lesions and eventually to cavitation and caries extending into the dentin. [1] [2] [3] Recently, nanotechnology has legitimated the development of new properties of materials. The shift from microparticles to nanoparticles (<100nm in diameter) comprises an increment in relation to the surface area among other alterations in properties. A larger surface area of the nanoparticles provides more interfaces with other organic and inorganic molecules. [4] The antimicrobial properties of silver nanoparticle, known as the most common nanoparticle, are well recognized and numerous mechanisms for their bactericidal effects have been anticipated. [5] [6] [7] [8] Silver ions are broadly employed as bactericides in catheters, burn wound care, and in the dental practice. [9] Although only a few studies have reported the antibacterial properties of copper and zinc nanoparticles, they have also shown copper and zinc nanoparticles to have a significant role as bactericidal agents. [4, [10] [11] In this regard, Sierra et al. showed a higher antimicrobial effect against S.mutans of silver nanoparticles at lower concentrations than gold or zinc, which would permit attaining imperative clinical effects with lesser toxicity. bial action of the silver nanoparticles was superior. [11] As there are concerns regarding the biological safety of silver nanoparticles (because of the closeness of size of nanosilver to silver ions) and due to the pigmentation effect of silver nanoparticles on teeth, [5] [6] [7] ZnO and CuO nanoparticles were used in this investigation. The purpose of this study was to examine the antimicrobial effects of coated brackets with ZnO and CuO nanoparticles against S.mutans. The standard sample of S.mutans was cultured and a suspension containing bacteria in a logarithmic phase with a concentration of 1.5×108 CFU.ml-1 was prepared. Subsequently, the suspension was diluted by physiologic serum to decrease the suspension concentration to 1.5×105 CFU/mL.
Materials and Method
Each sample was placed in a separate test tube.
Then 1 mL of the bacterial suspension was added to the teeth and brackets which were previously sterilized in an autoclave. Consequently, the teeth and bonded brackets were completely covered with the bacterial suspension. The samples were incubated in a shaker incubator at 37°C using 180 shakes per minute.
The suspension (10µL) was taken from each tube in intervals of 0, 2, 4, 6 and 24 hours and were cultured on the plates containing nutrient medium (Brain Heart Agar + Sheep Blood Agar). The number of colonies was counted and recorded 24 hours after incubation.
The data were analyzed by SPSS software, version 15. One-way ANOVA and Tukey tests were used for statistical analysis. in the number of colonies in the interval of 0 to 2 hours, 4 to 6 hours, and 6 to 24 hours in different groups were compared by the One-way ANOVA ( Table 2 ). The results revealed a significant difference in the intervals of 0 to 2, 4 to 6, 6 to 24 hours; however, between 2 to 4 hours the mean difference in colony counts was not significant. The Tukey test showed that the mean differences were statistically significant among all the study groups except in ZnO-CuO group (p= 0.999), as well as in the ZnO and control groups (p=0.844) with an interval of 0 to 2 hours (Table 3 ). As illustrated in Table 4 ( Table 5 )
Discussion
Nanotechnology has opened new trends in health. One of its most interesting characteristics is the antimicrobial feature that some nanoparticles demonstrate. [4] [5] 7] According to Table 1 , the best findings were observed in group CuO and ZnO-CuO, which reduced the bacterial population to zero within two hours. The ZnO group, in comparison with the control group, was also effective in decreasing the number of S.mutans colonies but had less antimicrobial effects compared with the two former groups.
In the ZnO and control groups, we observed a decrease in the number of bacteria between 0 to 6 hours (Table 2 ). This may be due to the reduction of nutrients as a result of the dilution of bacterial suspension; bacterial growth was not observed in the lag phase and as they continued to die naturally, the population of microorganisms decreased as time passed. [4] [5] Between 6 to 24 hours, an increase in the bacterial population was observed in the control, as well as in ZnO groups, which may be related to the long interval of 18 hours between the two colony counts. However, the rate of bacterial growth was lower in the ZnO group because of its bacteriostatic characteristics. This may be due to the fact that the microorganisms had adapted to a new environment and their entrance into the logarithmic growth phase was probable.
Many studies examined the effects of different nanoparticles on various bacterial strains. [11, [18] [19] [20] One of the important mechanisms of the antimicrobial effects of nanoparticles is the destruction of the microorganism membrane. [5, [16] [17] As Bacillus subtilis and S. mutans are both gram-positive bacteria, it may be expected that Cu nanoparticles may also affect S. mutans, as their anti-microbial effects on S. mutans were observed in our study.
In the study by Ruparelia et al., the antimicrobial effect of Cu and silver nanoparticles against different types of bacteria was investigated and they concluded t- and E-coli was showed. [19] Another study showed that ZnO-Parylene-glass composites had a significant antibacterial activity against E-coli (gram-negative) and Staphylococcus aureus (gram-positive) strains. [20] In this regard, few studies have been published on the antimicrobial feature of CuO and ZnO nanoparticles against S. mutans. [4] In the study performed by Hernández-Sierra et al.,
the antimicrobial effect of ZnO nanoparticles was in agreement with our findings. In their study, the colloidal nanoparticles were studied but in our study sequent deposition of nanoparticles on the bracket surfaces were scrutinized. [4] There was an unfavorable color change in brackets after heating at high temperatures. Considering that ZnO nanoparticles are transparent, it was hard to differentiate them from uncoated glasses when they were deposited on glass. However, when the brackets were deposited with ZnO nanoparticles at 400°C, the color of the bracket changed briefly to very light gold, which was just as beautiful as steel brackets.
In the CuO and ZnO-CuO groups, the color of the brackets changed to copper, which was cosmetically unsuitable ( Figure 3 ).
Considering that fact that brackets in the mouth are in contact with saliva, abrasions caused by a toothbrush and toothpaste and different types of foods and drinks with various temperatures and pHs, the authors suggest to evaluate the stability of the coated layers in the future studies.
Although the findings of this study on the antimicrobial effect of brackets in short-term were positive, other investigations should be carried out in order to prove our notion. 
Conclusion
In the short term, the antimicrobial effect of coated brackets with CuO and ZnO-CuO nanoparticles on S.mutans was excellent since after almost two hours the number of bacteria were reduced to zero. The coated brackets with ZnO nanoparticles ranked second due to its antimicrobial effects which, although in comparison with the control group caused dramatic reduction in the number of mutans, it could not reduce the population of 
